Recurrent low-grade Ta tumours, classified as intermediate-risk non-muscle-invasive bladder cancer (NMIBC), have a high risk of recurrence but a low risk of progression. This case presents a 60-yr-old female with intermediate-risk NMIBC who has been treated with sequential courses of mitomycin C followed by bacillus Calmette-Guérin (BCG). She continued to develop multiple episodes of recurrence. The discussion addresses whether the best course is repeat transurethral resection of the bladder with continued monitoring, more of the same intravesical treatments, new methods of applying these treatments, or novel treatments that might involve enrolling the patient in a clinical trial. The biggest unmet need in the field comes from the lack of a molecular marker that could help select patients for aggressive strategies.
Case presentation
A 60-yr-old female smoker presented with multiple small papillary bladder tumours discovered on a cystoscopy, located on the trigone and on the left and right bladder walls. Voided urinary cytology was negative. She underwent fluorescence-guided transurethral resection of the bladder (TURB) to optimise complete resection and decrease the recurrence rate. The diagnosis of Ta low-grade non-muscleinvasive bladder cancer (NMIBC) was confirmed by pathologic analysis. Detrusor muscle was seen in the specimen, and there was concomitant carcinoma in situ. According to the European Association of Urology (EAU) risk-stratification guidelines [1] , the patient had intermediate-risk NMIBC. According to the European Organisation for Research and Treatment of Cancer (EORTC) bladder cancer risk calculator, the probability of recurrence with this condition was 38% at 1 yr and 62% at 5 yr, whereas the progression rate was estimated to be 1% at 1 yr and 6% at 5 yr.
With these risk considerations in mind, therapy was initiated with eight successive weekly instillations of intravesical mitomycin C (MMC). The first instillation was started 5 wk after the surgical endoscopic procedure. After 6 mo, the patient underwent another flexible cystoscopy under local anaesthesia and was diagnosed with multifocal Ta low-grade recurrence of the bladder cancer. Recurrence of this intermediate-risk NMIBC after intravesical chemotherapy was an indication to schedule a new TURB and subsequent adjuvant bacillus Calmette-Guérin (BCG) instillations after 5 wk (optimal schedule: BCG Â 6 + maintenance for 1 yr). The patient completed the six-dose induction course of BCG, but 4 mo later she presented with a new bladder tumour recurrence.
The question is: what are the available options in recurrent Ta low-grade NMIBC after failed MMC and BCG instillations?
Option A: surveillance and other intravesical therapies
According to the EORTC risk tables [1] , there was a high risk of recurrence in this case, up to 60% at 5 yr, but the risk for progression was very small ( Fig. 1 ).
Evidence

More of the same?
The first question is whether the BCG instillation therapy had been optimised. This patient received only six BCG instillations and so did not fulfil the criteria for being BCG refractory; therefore, another induction course could be tried. Some trial data [2] show that different BCG strains do not have identical antitumour activity, possibly due to different mutation patterns, and therefore this patient could also be switched to a different strain of BCG.
Finally MMC therapy can be optimised by increasing the concentration of the drug (40 mg in 20 ml), in conjunction with urine alkalinisation and restricted fluid intake [3] . Thus, an optimised schedule could be an option if the prior therapy did not encompass this. This is not a life-threatening disease, so one option is continued monitoring, often combined with outpatient ablation. Small, uncontrolled series with active monitoring have been reported, with a progression rate between 0% and 9%. Soloway [4] reported that in appropriately selected patients, treatment could consist of cystoscopic surveillance and, if needed, office fulguration. This avoids or delays the surgical anaesthetic risk of TURB, thus optimising quality of life without compromising the patient's risk of cancer progression.
The patient has received two drugs so far, a chemotherapy (MMC) and an immunotherapy (BCG), and had a recurrence after each. Therefore, the question is: what next?
What next?
Other chemotherapy drugs have been found to be useful. Intravesical gemcitabine therapy was investigated in a systematic review [5] of six trials, with three having BCG as the comparator. In these trials, gemcitabine had similar efficacy in intermediate-risk cancer but was less effective in high-risk (high-grade) patients. However, the evidence is limited due to intertrial heterogeneity. Docetaxel has been tested in phase 2 trials and found to have acceptable toxicity. One trial [6] showed a 56% response rate in patients with BCG-refractory disease. Another study [7] reported a 59% complete response rate in patients who had failed at least one prior course of BCG, with or without interferon; 1-and 3-yr recurrence-free survival rates were 40% and 25%, respectively.
Drug combinations
Epirubicin with interferon-a2a versus BCG was used in the FinnBladder trial [8] that enrolled patients with frequently recurrent, low-grade Ta/T1 tumours. The result was that BCG was significantly more effective for avoiding recurrences, but 28% remained recurrence free after 7.4 yr with combination therapy [8] .
Combinations of gemcitabine and MMC/docetaxel have been studied as salvage therapy; the general conclusion was that approximately one-third of the patients were without recurrence after 2 yr [9].
Device-assisted intravesical therapy
Device-assisted intravesical therapy has been used with three methods of MMC administration. The first, electromotive drug administration (EMDA), has been assessed in a recent systematic review [10] of three somewhat different randomised trials enrolling a total a 672 patients. The same principal investigator conducted all three trials. There was some uncertainty regarding occurrence of adverse events, and the quality of the evidence supporting efficacy could not be properly estimated.
The second device-assisted method is hyperthermic intravesical chemotherapy. This has also been studied in a systematic review [11] of 15 publications. The conclusion of the review was that the method was promising but the evidence is limited, due to a lack of high-quality randomised trials, and more recent randomised clinical trials with BCG as the comparator have shown divergent results.
In patients with intermediate-and high-risk bladder cancer, reduced remission-free survival at 24 mo was demonstrated in the MMC group [12] , while the other group did not find a difference in patients with recurrence following induction/maintenance BCG [13] .
Conclusion and treatment recommendation
Recurrence is a problem in this patient with recurrent lowgrade tumours, but not progression. Active monitoring with outpatient ablation is a useful alternative. Regarding secondor third-line chemotherapy, alone or in combinations, the data are promising but the evidence is limited. Both EMDA and device-assisted intravesical therapy are possible alternatives, but the data are not solid and larger trials are needed before recommending one of these approaches.
3.
Option B: novel therapy approaches
Evidence
In this patient, who has already had recurrences despite two consecutive courses of treatment with MMC followed by BCG, continuing with any additional drugs or drug combinations would be experimental treatments. If the next step is to be experimental treatment, why not do it in a trial with a novel therapy?
In cases such as this, it is important to take a step back and recognise that not all patients with intermediate-risk NMIBC require intravesical therapy [14] , and even a patient who has had prior intravesical therapy may be best managed with surveillance. This is especially true for patients with infrequent, small, unifocal recurrences, who can be managed with office fulguration or TURB.
This patient, however, was having relatively rapid multifocal recurrences, and therefore some form of further therapy appeared to be necessary. Importantly, this does not mean radical cystectomy, because the risk of progression is low and therefore this is a case where the goal will be to preserve the bladder.
The first thing that this patient needs, of course, is a TURB. This should be done with blue light cystoscopy, if available, and the most recent meta-analysis [1] tells us that a single dose of chemotherapy is not appropriate at this time. However, the real question is: what are the options for adjuvant therapy? The most established option is further intravesical chemotherapy, but what other novel therapy options do we have?
Novel therapies
Several novel therapies are currently being investigated in clinical trials. These can be loosely classified as immune checkpoint inhibitors (agents that target cancer-specific mechanisms that are not necessarily the specific molecular drivers of an individual's tumour) or, more precisely, oncology (biomarker-based targeted therapies). In the current clinical trial landscape, most of these agents are being tested in high-risk BCG-unresponsive disease. This patient does not meet the high-risk criteria, but the trials are starting to move into earlier and lower-risk disease states, and this patient will likely be eligible for some exciting trials in the near future.
Immune checkpoint blockade
What about immune checkpoint blockade? These drugs target specific mechanisms of immune evasion that unleash the patient's own activated immune cells to eradicate tumour cells [15] . There are several trials targeting with CTLA4 or PD-1/PD-L1, including a SWOG trial testing systemic atezolizumab in BCG-unresponsive patients [16] and a Merck trial testing pembrolizumab in the same patient population [17] . Trials are also being launched in BCG-naïve patients (eg, NCT03711032 and NCT03519256) and patients with intermediate-risk NMIBC who have received only BCG (eg, NCT03711032 and NCT03519256). There is also a phase 1 single-arm trial looking at the feasibility of delivering pembrolizumab intravesically (NCT02808143). At the present time, very little is known about targeting immune checkpoint pathways in low-grade Ta disease, and therefore it is difficult to predict whether this is going to be effective in this patient.
Single-arm phase 2 trials with single-agent immune checkpoint inhibitors are just the tip of the iceberg in the evaluation of these novel immunotherapies. Fig. 2 illustrates a trial concept proposed by Hahn [18] . The concept has evolved extensively since this figure was published (NCT03317158), but the multiarm, multiphase trial with different combinations of agents is highly attractive.
Other potential advances in immunotherapy for NMIBC include the use of alternative BCG strains [2] , genetically engineered BCG strains [19] , immune priming with intradermal injection [20] , and alternative immune-activating agents such as the interleukin-15 superagonist ALT-803 [21] .
Other potential alternative new therapies
Several interesting new drugs targeting cancer-specific mechanisms are under development, planned for trial, or already in trial.
One such agent is BC819 (BioCancell, Israel), a plasmid that is instilled into the bladder. It carries the diphtheria toxin that is under the control of an H19 promoter, which allows it to act like a Trojan horse. H19 is a transcription factor that is present only in cancer cells, so the toxin is produced strictly in cancer cells and only cancer cells are killed by it. This agent could be of particular relevance to this patient, because there is a trial planned for this agent in this disease setting (ie, intermediate-risk patients who have failed prior BCG) [22] .
Oportuzumab monatox (Viventia Bio Inc., now Eleven Biotherapeutics, Inc.) is a recombinant protein consisting of a pseudomonas toxin linked to a single-chain antibody that binds EpCAM, which is expressed on the cell surface of most bladder cancer cells [23] . As with BC819, the payload (the pseudomonas toxin) is delivered specifically to the cancer cells and results in cell death.
A third alternative new therapy is Instiladrin, which is composed of a recombinant adenoviral vector that expresses interferon a2b (rAd-IFN) in combination with the excipient Syn3. This agent expresses interferon in bladder tumours when instilled into the bladder, resulting in tumour cell death. Both Instiladrin (NCT02773849) and oportuzumab monatox (NCT02449239) are currently being tested in phase 3 trials after completing successful phase 2 trials in BCG-unresponsive patients [24] .
"Precision oncology"
Can molecular profiling of intermediate-risk NMIBC be used to guide the next step in treatment? There is a high likelihood that this patient's recurrent low-grade Ta tumours harbour an activating FGFR3 mutation [25] in the context of an otherwise relatively stable genome [26] .
Until recently, FGFR3 inhibitors have shown disappointing results in clinical trials in the metastatic setting. However, recent encouraging results with a pan-FGFR inhibitor, erdafitinib, in a phase 2 trial [27] suggest that this may have been due in part to poorly effective drugs. Furthermore, FGFR3 is more likely to be driving tumour growth in a low-grade papillary tumour than in a patient with metastatic urothelial carcinoma. Multiple potent FGFR3 inhibitors are currently undergoing clinical development, and it will be critical to test these drugs in patients such as the present one.
Discussion of treatment options
In NMIBC, treatment should be based on a patient's prognosis. In order to predict, separately, the short-and long-term risks of disease recurrence and progression in individual patients, the EORTC Genito-Urinary Cancer Group has developed a scoring system and risk tables, as mentioned in the EAU guidelines [28] . The prognosis of intermediate-risk patients treated with chemotherapy has been calculated in a recently published paper [29] , taking into account the history of recurrences, history of intravesical treatment, tumour grade, number of tumours, and adjuvant chemotherapy. These risk stratification and prognostic models enable outcome comparisons and standardisation of treatment and follow-up. At present, none of the models reflects current standards of treatment. As NMIBC is a heterogeneous disease, the EORTC risk tables and CUETO scoring model should be updated with previously unavailable data and recalculated [30] . A risk-based therapeutic approach is certainly recommended, but the prognostic value of pathologic factors is imperfect. Clearly in this patient, the risk of recurrence is high, but the risk of progression is very low.
The concept of active surveillance is quite new in the field of NMIBC, but to date, it has been applied mainly in low-risk tumours and/or in elderly patients [31] .
Current protocols of immunotherapy are on-going and recruiting patients, but are more focused on high-risk BCGrefractory patients (eg, NCT02844816 [32] and MK-3475 [30] ) or high-risk patients naïve of chemotherapy (such as POTOMAC) [33] .
Further trials will be proposed soon, as the field is moving forward rapidly and these should be of interest for this patient.
The biggest unmet need for patients like the one discussed here is the lack of molecular markers to guide therapy by providing useful information on the risk of recurrence and progression, and response to treatment. In the current era of molecular medicine and advances in technologies for the molecular interrogation of biospecimens, promising new markers have been identified based on next-generation sequencing and other high-throughput profiling, such as epigenetic methylation profiling or a mini-chromosome protein complex [34] [35] [36] [37] . More research is needed to determine the role of molecular markers in improving the predictive accuracy of currently available risk tables. New markers may identify patients with intermediate-risk bladder cancer who are likely to progress and thus deserve aggressive management, instead of endoscopic ablation and active surveillance.
Summary and final treatment recommendation
In conclusion, this patient appears to be destined to fail further intravesical chemotherapy or BCG therapy. Until new-generation molecular markers are available to identify patients who are likely to evolve rapidly, priority should be given to enrolling patients such as this one in clinical trials of the many promising novel therapies, provided that they fulfil the inclusion criteria. This could be the best way to both help this patient and learn more about bladder cancer pathways. However, in the absence of available clinical trials, observation (with periodic office or local anaesthetic fulguration) or enhanced intravesical chemotherapy remains an option. Radical cystectomy is not indicated from the perspective of preventing cancer-related deaths, yet sometimes might be needed if the patient develops a crippled bladder from all the repeated interventions.
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